peak flowering stage and yield losses may reach 20%-25% (Mehan & Hong 1994) . The relative importance of each disease varies from place to place and from season to season, depending on the cropping system and the environmental conditions.
The rosette is another devastating disease for the productivity of groundnut. Groundnut rosette is caused by the groundnut rosette virus (GRV) and the groundnut rosette assistor virus (GRAV) (Reddy et al. 1995; Murant et al. 1998 ). The disease is transmitted by Aphis craccivora Koch. Murant et al. (1991) showed that the GRV resistant lines they tested were fully susceptible to GRAV. This indicates that the virulence of the two pathogens has a different genetic basis. According to Alegbejo (1997) , groundnut rosette virus (GRV) is the most destructive disease of groundnut. The rosette virus disease can cause considerable losses on groundnut. In association with drought, the virus can cause yield losses of up to 100% (Van Der Merwe & Subrahmanyan 1997) .
In controlling the two major diseases, leaf spot and rosette, host-plant resistance is considered the most cost-effective control measure. The identification and utilization of stable resistance is of high priority. Therefore, the purpose of the study was to identify groundnut lines with broad-spectrum resistance to leaf spot diseases and rosette combined with high yield and yield stability.
MATERIALS AND METHODS

On-station trials
The on-station trial was sited at the experimental station of the National Cereals Research Institute, Badeggi, Niger state of Nigeria, located at 09°04N and 06°08E, with annual rainfall of 1104 mm. Twenty-three groundnut lines, obtained from the Institute of Agricultural Research at Samaru in Nigeria, were evaluated in the 2001 and 2002 cropping seasons. Farmers' groundnut line (Makodi) was used as a check. The lines were planted on 4-row plots of 5 m × 2.25 m (11.25 m 2 ), within a randomized complete block design (RCBD) with three replications. The plants were within the rows in groups of two plants, with 20 cm distance between the groups. Weeding (hoeing) and fertilizer application of superphosphate at the rate of 26.22 kg P/ha were done in two and three weeks after planting, respectively.
Data were collected in both years on days to 50% flowering, days to physiological maturity, incidence of early and late leaf spot disease using a 1-9 scale (1 = highly resistant), percentage of rosette-infected plants and yield of dry pods (kg/ha). Since the data from both years were highly correlated, as seen in Table 2 , only the mean values from both years will be presented.
On-farm trials
The experiment was conducted at four locations, described in Table 1 .
From the 23 lines, tested on-station, nine lines with the lowest incidence of the three diseases and the highest pod yield were selected. Seeds of these genotypes were multiplied and distributed to selected farmers at the four locations in 2004 and 2005 for comparative on-farm evaluation. A plot of the size 10 m × 20.25 m was marked out on each farmer's field. Each groundnut line was planted on four 10 m long ridges with inter-row spacing of 75 cm and intra-row spacing of 20 cm, without replication. Single super phosphate fertilizer was applied at the rate 26.22 kg P/ha during planting. Data were collected on incidence of leaf spot diseases, rosette and dry pod yield.
Statistical analysis
The aim of the analysis was to explore genetically based differences in yielding capacity, yielding sta- bility and disease resistance across environments.
Since the on-farm trials were non-replicated, all eight combinations of year and location were regarded as different environments. A two-way analysis of variance (ANOVA) was performed and from the expectations of mean squares estimates of variance components were calculated. Two statistical models were used: The a i estimates in (b) were calculated as described by Schwarzbach et al. (2007) , by standardization of the data through division by the local standard deviation, calculation of location effects and subtraction of these from the standardized data. The matrix of the a i estimates has then zero location effects and their variances within environments are homogeneous. To visualise the multiplicative cultivar effects in practical units familiar to breeders, the a i estimates were converted to percents of the general mean. Standardised relative yields (SRY) were so obtained, fitting the model (b). Since the residual variance of the raw data, containing all interaction and error effects, was much smaller than the genetic variance and the yield level in all eight environments was similar, the calculation of regression coefficients of cultivar yields to location means would not make sense. Therefore, the variability of the SRY was used as a practical measure of yield stability in understandable units. Because the variance of relative yields is related to the average relative yield (Hühn 1995) , the variation coefficient of the SRY across environments was used to express the stability of the tested groundnut lines. For comparison, the residual variance of individual cultivars across environments, known as "stability variance" (Shukla 1972) , was calculated from the raw data. To be comparable to the variability of SRY, it was also converted to variation coefficients (see Table 5 ).
RESULTS AND DISCUSSION
The results of the on-station evaluation of the twenty-three advanced groundnut lines at the National Cereals Research Institute (N.C.R.I.), Badeggi in 2001 and 2002 are presented in Table 2 . The groundnut lines were grouped into three maturity classes: early, medium and late. All the early lines were relatively resistant to the three diseases, except ICGV-SM-93523 and ICGV-SM-93525, which were susceptible to late leaf spot. The medium maturing groundnut lines showed mostly higher levels of the diseases infestation, except MS16-791, which performed very well against all three diseases. The late groundnut lines were mostly susceptible to one or more of the diseases, except 49-85A and ICGV-SM-93532, which performed well against the three diseases. The local check, Makodi, was the most susceptible to all three diseases. Based on data on yield and disease incidence, nine groundnut lines (marked bold in Table 2 ) were intuitively selected as promising and tested for 2 years in on-farm trials.
The reaction of the selected groundnut lines to the three diseases in the on-farm trials at the four locations is presented in Table 3 , together with the mean dry pod yield. All the nine groundnut lines showed a similar ranking and level of resistance to the three diseases like in the on-station trials, with the local check, Makodi, being susceptible to the three diseases.
To see the yield performance across the eight environments, a two-way ANOVA was performed, which included also the estimation of variance components and their relative share in the total variance. The results are summarised in Table 4 .
The ANOVA of the primary data revealed only one significant factor: groundnut lines, responsible for approx. 75% of the total variability. To obtain an idea about the yield stability, we calculated the "stability variance" of Shukla (1972) , which is the interaction variance of each cultivar across the environments. Since the on-farm trials did not have any replications, it was not possible to separate the error variance from the interaction variance. The residual variance contains both. The stability variance therefore indicates here the residual variance of each line. It is shown as the last column in Table 4 . We are aware that stability (Piepho 1998) , are difficult to reproduce (Eagles & Frey 1977) and may be partly artefacts of inappropriate models (Schwarzbach et al. 2007 ). Therefore we tried also the multiplicative model, which fits the natural behaviour of some crops better than the additive model. We converted the yield data to standardized relative yields (SRY) as mentioned above and performed an ANOVA on the SRY. The results are summarized in Table 5 . Standardization of the data considerably reduced the proportion of residual variance on the total from 24.7% to 19.5% and increased the proportion of genetic variance from 75.1% to 82.0%. The multiplicative model provided therefore a better differentiation of the lines than the linear model.
Although the yield stability expressed as variation coefficients of the SRY are based on a similar principle like the variation coefficient of "Shukla's stability variance", the ranking of the lines is not the same. The only difference between both approaches is that Shukla's criterion is based on non-standardized raw data, while the variation of SRY is based on standardized data. Obviously, the "stability variance" is more influenced by environmental factors, while the variation of SRY expresses the genetic properties of the tested lines to a slightly higher degree. We preferred therefore the variation of the SRY as a simple and easy to understand measure of yield stability.
For pairwise comparisons of the variance of the SRY, the F-test can be used. If variation coefficients are compared, then the square root of F may be used. The critical F value for the given degrees of freedom at p < 0.05 is 3.50. Its square root is 1.87. Based on this, three distinct levels of stability can be observed among the nine selected groundnut lines (Table 6) , represented by the very stable 49-85A (vc = 2.6%), stable ICGV-SM-96846 (5.2%) and the less stable ICGV-SM-94583 (12.4%).
From the combined performance in all evaluated traits (Table 6 ) it can be seen that among the nine selected groundnut lines there are lines combining high pod yield, resistance to the rosette virus, early leaf spot, late leaf spot and yield stability. The best groundnut line in this respect was ICGV-1S-96805, followed by ICGV-SM-93534. 
